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Description 


MULTIPLE POWER DENSITY CHIP 
STRUCTURE 

Background of Invention 

[0001] The present invention relates to the cooling of integrated 
circuit (IC) packaging structures. More particularly the 
present invention is directed to the cooling of multiple 
chips, or ICs, using a common heat spreader or lid struc- 
ture where the chips have different cooling requirements. 

[0002] As heat is generated during the functioning of integrated 
circuit chips (ICs), the thermal resistance to the heat sink 
must be small so that the operating temperature of the 
chip is low enough to assure the continued reliable opera- 
tion of the device. The problem of heat removal becomes 
more difficult as chip geometries are scaled down and op- 
erating speeds are increased, resulting in increased power 
density. The ability to adequately cool the chips can 
therefore be a limiting factor in the further increase of 
system performance. Integrated circuit chips mounted 


face down on wiring substrates, and particularly multiple 
chips on a common substrate such as is found in a multi- 
chip module (MCM), present special cooling difficulties. In 
an MCM, the chips may be mounted very close together 
and nearly cover the whole top surface of the MCM wiring 
substrate. 

[0003] Additionally, the chips may have different cooling require- 
ments. For example, a processor chip may have a higher 
power density (W/cm^) than a memory chip mounted on 
the same wiring substrate, or first level package. Further, 
the maximum allowed device junction temperature may be 
different for different chips mounted to the same wiring 
substrate. An additional problem is that processor chips, 
and other chips, frequently have a "hot spot" which can 
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have a heat flux (W/cm ) significantly greater than the av- 
erage heat flux resulting in temperatures approximately 
20°C hotter than the average chip temperature. A thermal 
solution which may be adequate for the average chip 
power density may not be adequate to allow reliable oper- 
ation of the hot spot region of the chip. 
[0004] A common technique for reducing the thermal resistance 
from a high-power IC to a heat sink, or cooling plate, is to 
add an intermediate heat spreader between the chip and 


the heat sink, or cooling plate, to reduce the power den- 
sity (W/cm^) which passes through the layer of compliant 
thermally conductive material. The addition of a heat 
spreader can be advantageous because the complaint 
thermally conductive material layer is usually a significant 
fraction of the total thermal resistance. Generally, due to 
the difference in thermal expansion between the chip and 
the material of the cooling plate or heat sink, which is 
typically copper or aluminum, a compliant thermally con- 
ductive material is required between the chip and the heat 
sink or cooling plate. 
[0005] Silicon has a linear thermal coefficient of expansion (TCE) 
of about 2.5 ppm/°C, copper has a linear thermal coeffi- 
cient of expansion of about 16.5 ppm/°C and aluminum 
has a linear thermal coefficient of expansion of about 23 
ppm/°C. The heat sink, or cooling plate, will conduct heat 
away from the IC chip(s) and the heat is removed from the 
cooling plate or heat sink by methods such as forced air 
cooling or circulating liquid coolants. Compliant thermally 
conductive materials are typically thermal pastes, or ther- 
mal greases and are frequently referred to as thermal in- 
terface materials, orTIMs. The total thermal resistance 
between the chip and heat sink or cooling plate can usu- 


ally be reduced by rigidly bonding to the back surface of 
the chip a heat spreader. The heat spreader is composed 
of a material with a coefficient of thermal expansion close 
to that of Si, and with a high thermal conductivity. 

[0006] Suitable materials for such heat spreaders include dia- 
mond (TCE of about 2.8 ppm/°C), composites of Si and 
SIC, referred to as SiSiC, SIC (TCE of about 4 ppm/°C), Mo, 
and various ceramic materials, where diamond or a SiSiC 
composite are most suitable. Suitable materials also in- 
clude composite materials containing. Si or SiC or dia- 
mond or ceramic particles such as copper filled with SiC 
particles. Due to the close thermal expansion match, a 
rigid bond with a thermal adhesive or solder can be used 
and a compliant layer is not needed. A heat sink is than 
mounted onto the thermal spreader using a layer of a 
compliant thermally conductive material. Note that in 
some packaging structures, the lid, or package cap, can 
also serve as a heat spreader. With rigid thermal bonding 
methods, using thermal adhesives such as silver filled 
epoxy, or other filled polymers, or solders, a lower ther- 
mal resistance join can be formed than with TIMs. 

[0007] vvith a thermal adhesive such as a silver filled epoxy or 
filled polymer, a typical bond thickness is about 12 mi- 


crons, and may range from 6 to 12 microns and will be 
reduced to around 5 microns in the future. With solders, 
or metal layers, used for thermally joining a chip to a 
thermal spreader, a typical bond thickness is about 25 to 
50 microns and will be reduced to around half that in the 
future. As mentioned above, multiple chips may be at- 
tached to a common wiring substrate (first level package) 
and have a common thermal spreader, or package cap. It 
is desirable to use a common thermal spreader, or pack- 
age cap, to minimize the number of parts and simplify the 
package assembly. When multiple chips are attached face 
down to a common wiring substrate made from a ceramic 
material with micro solder balls (C4"s), the typical chip to 
chip height variation is about +/- 20 microns. 
[0008] Edwards, U.S. Patent 5,757,620, is directed at customizing 
the cooling of different chips on a MCM by varying the 
depth of thermal compound filled gaps, or blind holes 
that are above each chip. The cap is typically metallic or 
ceramic, a plurality of semiconductor elements such as 
chips are secured to a substrate or module via a plurality 
of solder connections, and customized thermal contact 
areas are formed and are different for their corresponding 
chips and the thermal paste filled customized thermal 


contact areas provide a heat or thermal transfer path be- 
tween the corresponding chips and the heat sink. 

[0009] Sherif et a!., U.S. Patent 5,623,394, is directed at cus- 
tomizing the cooling of different chips on a MCM by using 
a plurality of thermally conductive materials. The heat sink 
or cap has a plurality of extensions or partitions that form 
uniform cavities or blind holes. The thermally conductive 
paste or grease fills the uniform cavity and provides the 
heat or thermal transfer path from the chips to the heat 
sink or cap where the appropriate thermally conductive 
material is placed between the chip and the thermal cap. 
Thermal paste or compounds could be thermal materials 
having a higher or lower thermal conductivity, or could 
have any thermal conductivity in between. Both of the 
above references require complicated structures to be 
formed on the cap or thermal spreader above each chip 
and use thermal pastes. 

[0010] patel, U.S. Patent 5,587,882, is directed at a referencing 
scheme which provides an improved thermal interface be- 
tween a heat sink and a specific chip within a multichip 
module by forming a pedestal, which is aligned with the 
chip, on the bottom surface of the heat sink. Selective ref- 
erencing is provided where a chip, mounted on a sub- 


strate has a higher power density than other chips and se- 
lective referencing ensures that the chip will have the low- 
est thermal resistance at the heat sink to chip interface. 
To selectively reference the chip, a pedestal is formed on 
the heat sink in the region corresponding to the location 
of the chip, enabling a thermal transfer medium between 
the chip and the heat sink to be thinner than the thicker 
thermal transfer medium between the other chips and the 
heat sink. The above requires complicated support ring 
and pedestal structures to be formed on the cap or ther- 
mal spreader which is difficult, or very expensive, to form 
with diamond or Si-SiC composites or SIC. 
[0011] Notwithstanding the prior art there remains a need to re- 
duce the silicon substrate thickness of the lower power 
density chips, such as memory, mounted on a common 
wiring substrate with a high power density chip, or chip 
which requires a lower total thermal resistance, such as a 
processor, so that when a thermal heat spreader made of 
a hard, brittle, low thermal expansion and high thermal 
conductivity material with a polished bottom surface, such 
as diamond, Si-SiC composite, or SIC is rigidly bonded 
onto the back surface of the chips mounted on the com- 
mon wiring substrate, the high power density chip has the 


lowest thermal resistance to the thermal spreader. 
[0012] vvith materials such as diamond, Si-SiC composite or SIC, 
or composites containing particles of these materials, the 
cost of a thermal spreader or lid where a pedestal is 
formed results in a very large cost increase due to the dif- 
ficulty in machining such hard and brittle materials. Wafer 
thinning, by grinding and/or polishing, is a standard 
semiconductor manufacturing process and adds only min- 
imal cost to each chip when done at the wafer level. The 
amount of material removed from the wafer containing 
the low power density chips is adjusted to ensure that the 
high power density chip projects farthest above the wiring 
substrate than the low power density chip(s). This enables 
the use of diamond, SiSiC, SIC, or similar thermal spread- 
ers with planar bottom surfaces to be used with a combi- 
nation of high and low power density chips on a common 
wiring substrate with a simple and effective packaging 
structure. 

[0013] Additional features and advantages are realized through 
the techniques of the present invention. Other embodi- 
ments and aspects of the invention are described in detail 
herein and are considered a part of the claimed invention. 
These and other purposes of the present invention will 


become more apparent after referring to the following de- 
scription considered in conjunction with the accompany- 
ing drawings. 
Summary of Invention 

[0014] The present invention discloses an electronic packaging 
structure comprising a chip carrier with at least two or 
more semiconductor devices attached face down to the 
chip carrier, where at least one of the semiconductor de- 
vices will have a different thickness than the others corre- 
sponding to different power densities or different required 
thermal resistances between the semiconductor devices. 

[0015] The electronic packaging structure further comprises a 
heat spreader having a substantially planar surface in 
thermal contact with the back (inactive) surface of the 
semiconductor devices; and a thermal adhesive layer in 
contact with the heat spreader and the semiconductor de- 
vices whereby a thinner thermal adhesive layer on the 
thicker semiconductor device provides a lower thermal re- 
sistance and the thicker thermal adhesive layer on the 
thinner semiconductor device provides a higher thermal 
resistance. 

[0016] The chip carrier may be of any material, such as a ceramic 
chip carrier or an organic chip carrier. The semiconductor 


devices may be any electronic devices requiring tliermal 
management sucli as integrated circuit cliips, capacitors, 
resistors and tliermistors. The heat spreader may be made 
of any appropriate material such as diamond, Si, SiC, IVIo 
and ceramic, or composites containing these materials. 
The thermal adhesive layer may be any suitable thermal 
material such as Ag filled epoxy, filled thermoplastic, 
filled polymer, filled polymer adhesive, metal, and solder. 
Also, a common thermal adhesive layer may be applied on 
all the chips, or alternatively, different thermal adhesive 
materials may be used for different semiconductor devices 
with different thicknesses or thermal requirements. 

[0017] In another embodiment of the invention a compliant ther- 
mal adhesive layer material is used on a lower power den- 
sity semiconductor device and a rigid thermal adhesive 
layer material is used on a high power density device. The 
heat spreader may be the cap or lid of the package and a 
heat sink may be subsequently attached to heat spreader. 

[0018] In another aspect of the invention there is disclosed a 

method for cooling multiple semiconductor devices with 
different cooling requirements on a common chip carrier 
with a common lid or heat spreader comprising the steps 
of providing a chip carrier; attaching semiconductor de- 


vices to the chip carrier where at least one of the semi- 
conductor devices has a different thicl<ness; placing a heat 
spreader having a substantially planar surface in thermal 
contact with the semiconductor devices; and placing a 
thermal adhesive layer in contact with the heat spreader 
and with the semiconductor devices whereby a semicon- 
ductor device requiring a lower thermal resistance has a 
thinner thermal adhesive layer than a semiconductor de- 
vice which can tolerate a higher thermal resistance. 
Brief Description of Drawings 

[0019] The features of the invention believed to be novel and the 
elements characteristic of the invention are set forth with 
particularity in teh appended claims. The figures are for 
illustration purposes only and arenot drawn to scale. The 
invention itself, however, both as to organization and 
method of operation, may be best be understood by ref- 
erence to the detailed description which follows taken in 
conjunction with the accompanying drawings in which: 

[0020] Figure 1 is a schematic cross section illustrating a lower 
power density chip which has been thinned on a common 
wiring substrate with a higher power density chip with a 
common heat spreader. 

[0021] Figure 2 is a schematic cross section illustrating the use of 


a different thermal adhesive layer for different chip re- 
quirements. 

[0022] Figure 3 is a schematic cross section illustrating the use of 
both a compliant and a rigid thermal adhesive layer. 
Detailed Description 

[0023] In a first embodiment of the invention, the lower power 
density devices which will be mounted on a common 
wiring substrate or chip carrier (first level package) and 
share a thermal spreader with a higher power density de- 
vice, or a device which requires a lower total thermal re- 
sistance, are thinned, preferably at the wafer level, to in- 
sure that after all the devices are mounted onto the com- 
mon wiring substrate, the higher power density device will 
project above all lower power density devices. As previ- 
ously mentioned, when multiple devices are attached face 
down to a common wiring substrate, such as with solder 
balls (C4's), the typical device to device height variation is 
about +/- 20 microns, though will of course vary depend- 
ing on the type of wiring substrate used, the type of elec- 
trical attachment to the wiring substrate, the initial speci- 
fications on the wafers, and the wafer processing. 

[0024] As an example, if the +/- 20 micron variation mentioned 
above is a one sigma value, to ensure that the higher 


power density device is highest in the vast majority of 
cases (three sigma, or about 95% of the time), then the 
wafers containing the lower power density devices should 
nominally be thinned by about 120 microns relative to the 
wafers containing the high power devices. 
[0025] Referring to Fig. 1 there is shown a first level package 
wiring substrate 10 to which are electrically attached by 
solder balls 20 (i.e. C4's) a high power density chip 30 and 
a low power density chip 40. The back (non-active) sur- 
face 31,41 of the chips are thermally joined to a common 
heat spreader 50 with a planar lower surface 51 which is 
made of a material with a high thermal conductivity and a 
thermal expansion coefficient similar to that of the semi- 
conductor chip, such as diamond. Si, SiSiC, or SIC, or 
composites containing these materials. The lower power 
density chip 40 has been thinned to insure that the higher 
power density chip 30 projects above it on the packaging 
substrate 10 so that when the thermal spreader 50 is at- 
tached, the thickness of the thermal adhesive layer 60, 
such as a Ag filled epoxy, filled polymer, or metal, or sol- 
der, is substantially thinner over the higher power density 
chip 30 compared to over the lower power density chip 
40. Note that a heat sink, or cooling plate, would typically 


be attached to the thermal spreader using a compliant 
thermal interface material (not shown in Fig. 1). 
[0026] It will be understood by one skilled in the art that the chip 
requiring the lowest thermal resistance to the heat sink, 
or cooling plate, could not only be the higher power den- 
sity chip, but it could also be a chip requiring a lower op- 
erating temperature, or a chip having a hot spot with a 
very high local power density, but a low total power den- 
sity. In general the semiconductor device to be thinned 
will be the device which can tolerate a higher thermal re- 
sistance and the thicker device will require the lower ther- 
mal resistance. 

[0027] Referring now to Figure 2 there is shown another embodi- 
ment of the present invention. A different thermal adhe- 
sive material or metal or solder 70 is used for joining the 
lower power density chip 40 to the thermal spreader 50 
than is used for joining the higher power density chip 30. 
For example, the higher power density chip 30 maybe 
joined to the thermal spreader 50 using a solder 80 and 
the lower power density chips 40 may be joined to the 
thermal spreader 50 using a filled polymer material 70. 

[0028] Referring now to Figure 3 there is shown another embodi- 
ment of the invention. A compliant thermal interface ma- 


terial 90 is used between the lower power density cliip(s) 
40 and tlie tliermal spreader 50 and tlie liiglier power 
density chip 30 is rigidly bonded to the thermal spreader 
50 using a thermal adhesive or solder material 100. This 
solution maybe desirable when the material of the wiring 
substrate 10 (first level package) has a substantially dif- 
ferent thermal expansion coefficient than the materials of 
the chips and the thermal spreader as may occur with 
some organic wiring substrates. 
[0029] Note that although only the case of having one chip with a 
higher power density, or which requires a lower total ther- 
mal resistance, has been described, the methods de- 
scribed above are also applicable when multiple higher 
power density chips are mounted on a common wiring 
substrate and share a common thermal spreader with 
multiple lower power density chips, although the ability to 
form a very thin layer of the thermal adhesive or metal or 
solder will be reduced due to the height variations of the 
multiple higher power density chips, but it will still be im- 
proved over the case where the lower power density chips 
are not thinned. 

[0030] It will be apparent to those skilled in the art having regard 
to this disclosure that other modifications of this inven- 


tion beyond those embodiments specifically described 
here may be made without departing from the scope of 
the invention. Accordingly, such modifications are consid- 
ered within the scope of the invention as limited solely by 
the appended claims. 


